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(54) BASE STATION TRANSMISSION POWER CONTROL SYSTEM 
(57)Abstract 

PROBLEM TO BE SOLVED: To reduce down channel 
interference by estimating the propagation 
characteristics of a down channel line between a base 
station and a mobile station based on the reception 
power of a pilot channel and deciding the transmission 
power of a traffic channel. 

SOLUTION: This system is mainly composed of the 
base stations (BSes) 1 and 2, the mobile station(MS) 
3 and a base station, monitoring device (BSC) 4 for 
performing monitoring as the host station of them. 
Then, with the transmission power of the pilot channel .>;JJ^)i^x "^"^1^ '^f^^^'^m:^'^^^^^^ 
of the respective base stations 1 and 2 stored in the ^^S^l^^^^ii^ ^ 




host station beforehand, the reception power in the 
mobile station 3. of the pilot channel of the respective 
base stations 1 and 2 reported from the mobile 
station 3, the error rate of the traffic channel and the 
transmission power of the traffic channel reported 
from the base stations 1 and 2 as parameters, the 
transmission grower of the traffic channel of the base 

stations 1 and 2 is decided. In such a manner, the reception power of the pilot channel from 
the respective base stations 1 and 2 is measured in the mobile station 3 and the propagation 
characteristics of the mobile station 3 and the respective base stations 1 and 2 are 
calculated. 
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Hei. 9-74378 

(57) [ABSTRACT] 

5 [Problem] In a cellular mobile communication system using 
code division multiple access, to minimize downstream 
interference caused by the initiation of soft hand-off 
operation, and to prevent a reduction in the level of the 
received signal electric field of the downstream traffic 

10 channel of a mobile station near a cell boundary. 

[Solving Means] The mobile station reports the reception 
power of its pilot channel to base stations, which calculate 
the appropriate transmission power for the traffic channel at 
soft hand-off operations, from the reported information and the 

15 transmission powers of their pilot channel and traffic channel. 

[CLAIMS] 

[Claim 1] A method for controlling transmission powers of base 
stations in a cellular mobile communication system using code 

20 division multiple access (CDMA), wherein in a soft handoff 
operation in which a mobile station is simultaneously 
conducting communications with a plurality of base stations, 
said base stations control initial transmission power and 
transmission power during communication of the downstream (from 

25 base station to mobile station) traffic channel (communications 
channel) to said mobile station in accordance with reception 
power of a pilot channel (a control channel always transmitted 



1 




by a base station) of said mobile station from said base 
stations . 

[Claim 2] The method for controlling transmission powers of base 
stations according to claim 1, wherein the initial transmission 
5 power and transmission power during communication of the 
downstream traffic channels from said base stations are 
controlled so that all the reception powers of the downstream 
traffic channel from each of said base stations are equalized 
for said mobile station conducting a soft hand-off operation; 
10 and the combined reception power of the downstream traffic 
channels from all of said base stations to said mobile station 
is made constant. 

[Claim 3] The method for controlling transmission powers of base 
stations according to claim 2, wherein the initial transmission 

15 power and transmission power during communication of the 
downstream traffic channels from each of said base stations are 
controlled so that the required error rate threshold of the 
downstream traffic channel of said mobile station is satisfied, 
instead of maintaining the combined reception power of the 

20 downstream traffic channels from said base stations to said 
mobile station at a constant value. 

[Claim 4] The method for controlling transmission powers of base 
stations according to claim 1, wherein the initial transmission 
power and transmission power during communication of the 
25 downstream traffic channels from said base stations are 
controlled so that the reception power ratio of the downstream 
traffic channel from each of said base stations to said mobile 
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station is equalized to the reception power ratio of the pilot 
channel received by said mobile station, and the combined 
reception power of the downstream traffic channel from said base 
stations . to said mobile station is made constant. 
5 [Claim 5] A method for controlling transmission powers of base 
stations according to claim 4, wherein the initial transmission 
power and transmission power during communication of the 
downstream traffic channels from each of said base stations are 
controlled so that the required error rate threshold of the 
10 downstream traffic channel of said mobile station is satisfied, 
instead of maintaining the combined reception power of the 
downstream traffic channels from said base stations to said 
mobile station at a constant value. 

[Claim 6] A method for controlling transmission powers of base 
15 stations according to claim 1, wherein the initial transmission 
power and transmission power during communication of the 
downstream traffic channels from said base stations are 
controlled so that the reception power ratio of the pilot 
channel from each of said base stations to said mobile station 
20 is equalized to the transmission power ratio of the downstream 
traffic channel of each base station, and the combined reception 
power of the downstream traffic channels from said base stations 
to said mobile station is made constant. 

[Claim 7] A method for controlling the transmission power of 
25 base stations according to claim 6, wherein the initial 
transmission power and transmission power during communication 
of the downstream traffic channels from each of said base 
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stations are controlled so that the required error rate 
threshold of the downstream traffic channel of said mobile 
station is satisfied, instead of maintaining the combined 
reception power of the downstream traffic channels from said 
5 base stations to said mobile station at a constant value. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a radio communication 

10 system using code division multiple access (CDMA) , and more 
specifically, to a method for controlling initial transmission 
power and transmission power during communication of the 
downstream traffic channel from base stations at the time a soft 
hand-off operation is executed, in a cellular mobile 

15 communication system. 
[0002] 

[Description of the Related Art] 

In the design of radio communication systems that use code 

division multiple access (CDMA) , and cellular mobile 
20 communication systems that use CDMA in particular, it is 

important to create the greatest signal capacity possible in 

a single area (or cell) making use of a limited frequency range. 

With code division multiple access, multiple users communicate 

over the same frequency, and interference between user 
25 communications is guaranteed to be reduced through the 

orthogonality of the code interval allocated to each user. 

Additionally, in order to take full advantage of the 



4 



• 



orthogonality of the code intervals, it is preferable for the 
levels of the plurality of received signals at the point of 
reception to be identical. For this reason, with cellular 
mobile communication systems, and especially with upstream 
5 (from mobile station to base station) communications in which 
it is impossible to ensure synchronization among mobile 
stations present in. the same base station area, it is common 
to strictly control the transmission power of the mobile station, 
so that the signal received by the base station from each mobile 

10 station has the same level. 

[0003] For this reason, with conventional technology, 

several proposals have been made for technologies relating to 
a method for controlling the transmission power of the upstream 
(from mobile station to base station) traffic channel, and 

15 Japanese Patent Laid-Open Publication No. Sho. 62-92526 
proposes control of the level at the receiver side of the 
upstream traffic channel. Additionally, Japanese Patent 
Laid-open Publication No. Hei. 7-95151 proposes a technology 
relating to a method for determining the initial transmission 

20 power of the downstream (from base station to mobile station) 
traffic channel. There have been no proposals, however, 
relating to methods for controlling the transmission power 
during communications between base stations and a mobile 
station, nor there have been any proposals relating to methods 

25 for controlling the transmission power of the downstream 
traffic channel relating to the initiation of a soft hand-off 
operation (when a mobile station simultaneously communicates 
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with a plurality of base stations) specific to the code division 
multiple access (CDMA) system. 
[0004] 

[Problems that the Invention is to Solve] 
5 These problems of the conventional technology reside in 

that downstream interference in the cell of a base station is 
increased due to the traffic channel transmitted by a base 
station newly conducting communications when a mobile station 
initiates a soft hand-off operation as it reaches the border 

10 of a cell, as it moves around the area. This is due to the fact 
that the initial transmission power of the traffic channel 
transmitted by a base station is set to a fixed value, and is 
not controlled in consideration of the transmission 
characteristics of the mobile station and base stations . 

15 [0005] Another problem is that with conventional 

technology, in addition to the possibility that a mobile station 
executing a soft handoff operation will be sent a traffic 
channel with excessive transmission power, this excessive 
signal strength could increase downstream interference in other 

20 mobile stations in the same cell or the nearby cells. As with 
the problem mentioned above, the reason for this is that the 
transmission power of the traffic channel transmitted by a base 
station during soft hand-off operation performed is set to a 
fixed value, and is not controlled while tracking the movement 

25 of the mobile station. 

[0006] Another problem is that with conventional 

technology, when a mobile station moves to the vicinity of a 
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cell boundary, regardless of whether it initiates a soft 
hand-off operation, the reception power of the mobile station' s 
downstream traffic channel decreases, worsening the downstream 
communication error rate. As with the problems mentioned above, 
5 the reason for this is that the transmission power of the traffic 
channel transmitted by a base station is set to a fixed value, 
and is not controlled while tracking the movement of the mobile 
station . 

[0007] It is an object of the methods for controlling the 

10 transmission powers of base stations of the present invention 
to maximize system signal capacity by reducing the amount of 
power consumed by transmitters, and reducing the amount of 
downstream interference in other mobile stations present in the 
same or nearby cells, by controlling the transmission with the 

15 minimized transmission power of the downstream (from base 
station to mobile station) traffic channel needed to satisfy 
communication quality requirements, regardless of the location 
of the mobile station or type of communications (whether or not 
a soft hand-off operation is being conducted) . 

20 [0008] 

[Means for Solving the Problems] 

The methods for controlling the transmission powers of 
base stations of the present invention determine the 
transmission power of the traffic channel transmitted by base 

25 stations when a mobile station initiates a soft hand-off 
operation, or during the initiation thereof, by estimating the 
downstream propagation characteristics between the base 
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stations and mobile station, based on the reception power of 
the pilot channels from the base stations to the mobile station. 
[0009] Specifically, as shown in Figs. 1, 2, and 3, the 

traffic channel transmission power of the base stations is 
5 determined, using as parameters the pilot channel transmission 
power of each base station, stored in memory beforehand by an 
upper hierarchy station, and the pilot channel reception powers 
and traffic channel error rates of the mobile station from each 
base station, as well as the traffic channel transmission powers 

10 reported by the base stations. Additionally, the transceiver 
block of the mobile station shown in Fig. 5 has as its main 
elements a mixer 24, a local frequency oscillator 21, a pilot 
channel PN code generator 23, a mixer 25, a filter 26, an envelope 
detector 27, and a filter 28, in order to measure the power of 

15 the pilot channels received from the base stations, and an 
information generator 33, an amplitude information generator 
32, an transmission PN code generator 35, a mixer 31, a local 
frequency oscillator 34 for demodulating transmitted data, a 
mixer 30, and a transmission amplifier 29, in order to transmit 

20 the results of this measurement of the pilot channels to the 
base station. In addition. Fig. 4 shows the main elements of 
the base station transmission block: an information generator 
5, an amplitude information generator 6, a transmission PN code 
generator 6, a mixer 7, a local frequency oscillator 10, a mixer 

25 8, and a transmission amplifier 11. 

[0010] More specifically, the methods for controlling the 

transmission power of base stations of the present invention 
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can be classified into three main categories. The first is a 
method for controlling the traffic channel transmission power 
of each base station so that all the traffic channel reception 
powers from each base station received by the mobile station 
5 are equalized, and the combined traffic channel reception power 
of the mobile station is made constant. The second is a method 
for controlling the traffic channel transmission power of each 
base station so that the reception power ratio of the traffic 
channel from each base station to the mobile station is 

10 equalized to the reception power ratio of the pilot channel from 
each base station, and the combined traffic channel reception 
power from each base station to the mobile station is made 
constant. The third is a method for controlling the traffic 
channel transmission power of each base- station so that the 

15 transmission power ratio of the traffic channel from each base 
station to the mobile station is equalized to the reception 
power ratio of the pilot channel from each base station received 
by the mobile station, and the combined traffic channel, 
reception power from each base station to the mobile station 

20 is made constant. 

[0011] By means of the above constructions, the pilot 

channel is downconverted, back-diffused and extracted by the 
pilot channel receiver of the mobile station, after which its 
received signal level is detected using the envelope detector. 

25 The detected reception power is sent to the information 
generator of the transmission block, and the data is 
superimposed in order to report to the base station. The pilot 
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channel reception power information superimposed on the 
transmission data is diffused using the PN code generated by 
the transmission PN code generator, upconverted, and sent to 
the base station. The base station downconverts the 
5 information received from the mobile station, back-diffuses it, 
and forwards it to the upper hierarchy station. The upper 
hierarchy station decodes the reception power information, and 
sends it back to the base station, where it is input to the base 
station's internal arithmetic circuit, at which the downstream 
10 traffic channel transmission power is calculated- The 
calculation results are sent to the amplitude information 
generator of the transmission block, and the transmission power 
of the traffic channel is set. 

[0012] Thus, by returning the mobile station's pilot 

15 channel reception power to the base station, the base station 
can estimate the propagation characteristics between the base 
station and the mobile station, enabling the optimum downstream 
traffic channel transmission power to be obtained. 
[0013] 

20 [Description of the Preferred Embodiments of the Invention] 
Next the present invention will be described referring 
to the drawings. 

[0014] Fig. 1 is a block diagram showing the basic 

construction of the cellular mobile communication system 
25 realizing the methods for controlling transmission powers of 
base stations of the present invention. The main components 
of this system are the base stations (BS) 1 and 2, the mobile 
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station (MS) 3, and the base station controller (BSC) 4 which 
monitors each of these, as an upper hierarchy station. 
[0015] Fig, 4 shows an embodiment of the basic block of 

the transmitter included in the base station, which is shown 
5 in Fig. 1. This transmission block is made up of : an information 
generator 5, which generates information to be sent; an 
amplitude information generator 6, which generates amplitude 
information on the transmission output; a PN code generator 9; 
a mixer 7, which superimposes the generated information and PN 

10 code; a local frequency oscillator 10; a mixer 8, which 
modulates the PN-dif fused information with the local frequency; 
an amplifier 11, which amplifies the modulated transmission 
wave to the necessary output; and an antenna 12. 
[0016] Fig. 5 shows an embodiment of the basic block of 

15 the transmitter-receiver included in the mobile station, which 
is shown in Fig. 1. The reception block of the present 
transceiver block is made up of : a transceiver antenna 13; an 
antenna sharing portion 14; a signal distributor 15; a mixer 
16 that downconverts received signals; a mixer 17 that PN 

20 back-diffuses downconverted received signals; a received 
signal amplifier 18; a filter 19; an information demodulator 
20; a local frequency oscillator 21; a PN code generator for 
received signal demodulation 22; a pilot channel PN code 
generator 23; a mixer 24 for downconverting the pilot channel; 

25 a mixer 25 for back-diffusing the pilot channel; a filter 26; 
an envelope detector 27 that detects the reception power of the 
pilot channel; and a filter 28, The transmission block of the 
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present transceiver block is made up of: an information 
generator 33 that generates information to be transmitted; an 
amplitude information generator 32 that determines 
transmission output; a transmission PN code generator 35; a 
5 mixer 31 for diffusing transmission data; a local frequency 
oscillator 34; a mixer 30 for modulating transmission data; and 
a transmission amplifier 29. 

[0017] The operation of the present invention will be 

described below. 

10 [0018] First will be described the operation of an 

embodiment as set forth in claims 2 and 3 of the present invention, 
using Figs. 1, 6, and 7. 

[0019] In Fig. 1, it is assumed that a mobile station (MS) 

is present in the cell of base station A (BS (A) ) , that it is 

15 only communicating with the base station A, and that it is 
obtaining the required communications quality. Here, let the 
pilot channel transmission power of the base station A be Apt, 
the traffic channel transmission power be ATt, the pilot channel 
reception power of the mobile station from the base station A 

20 be Apr, the traffic channel reception power be ATr, and the 
traffic channel error rate be FER. A situation is considered 
in which the mobile station is moving toward the base station 
B, and initiates a soft hand-off operation with the base station 
B. Here, let the pilot channel reception power of the mobile 

25 station from the base station B be Bpr . 

[0020] During its communication with the base station A, 

the mobile station reports its Apr, FER, and Bpr to the base 
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station A. The information coded and reported by the mobile 
station is sent to the upper hierarchy station (BSC) via the 
base station A, and along with this information the base station 
A reports its traffic channel transmission power to the upper 
5 hierarchy station. After receiving the report, the upper 
hierarchy station decodes the information from the mobile 
station, and through the initiation of a soft hand-off operation 
by the mobile station, returns the total number (N) of 
communicating base stations to the base station A, while at the 
10 same time sending the same content to the base station B, 
attaching the information (traffic channel transmission power 
ATt) from the base station A thereto. 

[0021] The base station A and base station B each determine 

their initial traffic channel transmission power in accordance 

15 with their calculations . The formula for calculating ATt shown 
in Fig. 1 (the same formula is also shown in Figs. 6 and 7) shows 
how the traffic channel transmission power from each base 
station is determined so that the mobile station receives the 
same signal strength from each of them, and the combined traffic 

20 channel reception powers from both base stations are equalized 
to the traffic channel reception power that the mobile station 
was receiving from the base station A only, before conducting 
the soft hand-off operation. 

[0022] Also considered is the situation in which the mobile 

25 station continues to move after initiating the soft hand-off 
operation, and the propagation characteristics between the 
mobile station and each base station changes. 
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[0023] The mobile station reports the reception power of 

the pilot channel it has received and the traffic channel error 
rate to the base station A and base station B, the same 
information being passed to the upper hierarchy station via both 
5 base stations. With the exception of this point, however, the 
flow described below is completely identical to the time at 
which the soft hand-off operation is initiated. Consequently, 
even as the mobile station moves between base stations, it 
constantly receives the traffic channel from the base station 

10 A and base station B at the same reception power, and their 
combined reception powers are maintained at a constant level. 
[0024] Additionally, although above the combined traffic 

channel reception power of the mobile station is kept to a 
constant level, after each base station has determined its 

15 transmission power in accordance with said calculation, it is 
also possible to adjust the traffic channel transmission power 
of the base station A and base station B upwards or downwards 
by the same ratio, in order to make the traffic channel error 
rate reported from the mobile station meet the required level. 

20 [0025] Next, the operation of an embodiment as set forth 

in claims 4 and 5 of the present invention will be described 
using Figs. 2, 8, and 9. 

[0026] In Fig. 2, it is assumed that a mobile station (MS) 

is present in the cell of base station A (BS (A) ) , that it is 
25 only communicating with the base station A, and that it is 
obtaining the required communications quality. Here, let the 
pilot channel transmission power of the base station A be Apt, 
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the pilot channel reception power of the mobile station from 
the base station A be Apr, the traffic channel reception power 
be ATr, and the traffic channel error rate be FER. A situation 
is considered in which the mobile station is moving toward the 
5 base station B, and initiates a soft hand-off operation with 
the base station B, Here, let the pilot channel reception power 
of the mobile station from the base station B be Bpr. 
[0027] During its communication with the base station A, 

the mobile station reports its Apr, FER, and Bpr to the base 

10 station A. The information coded and reported by the mobile 
station is sent to the upper hierarchy station (BSC) via the 
base station A, and along with this information the base station 
A reports its traffic channel transmission power to the upper 
hierarchy station. After receiving the report, the upper 

15 hierarchy station decodes the information from the mobile 
station, and returns it to the base station A, while at the same 
time sending the same content to the base station B, attaching 
the information (the traffic channel transmission power of the 
base station A) from the base station A. The base station A 

20 and base station B each determine their initial traffic channel 
transmission power in accordance with their calculations. The 
formula for calculating the Atr shown in Fig. 2 (the same formula 
is also shown in Figs. 8 and 9) shows how the traffic channel 
transmission power from each base station is determined so that 

25 the traffic channel transmission power from each base station 
is received at the same ratio as that of the reception power 
of the pilot channel received from each base station by the 




mobile station, and the combined traffic channel reception 
power from both base stations is equalizes to the traffic 
channel reception power that the mobile station was receiving 
from the base station A only, before conducting the soft 
5 hand-off operation. 

[0028] Also considered is the situation in which the mobile 

station continues to move after initiating the soft hand-off 
operation, and the propagation characteristics between the 
mobile station and each base station changes. 

10 [0029] The mobile station reports the reception power of 

the pilot channel it has received and the traffic channel error 
rate to the base station A and base station B, the same 
information being passed to the upper hierarchy station via the 
base station A and base station B. With the exception of this 

15 point, however, the flow described below is completely 
identical to the time at which the soft hand-off operation is 
initiated. Consequently, even as the mobile station moves 
between base stations, the ratio of the traffic channel 
reception power from the base station A and base station B is 

20 equal to the ratio of the reception power of the pilot channel 
from each base station, and their combined reception power is 
maintained at a constant level. 

[0030] Additionally, although above the combined traffic 

channel reception power of the mobile station is kept to a 
25 constant level, after each base station has determined its 
transmission power in accordance with said calculation, it is 
also possible to adjust the traffic channel transmission power 




of the base station A and base station B upwards or downwards 
by the same ratio, in order to make the traffic channel error 
rate reported from the mobile station meet the required level, 
[0031] Next is described the operation of an embodiment 

5 as set forth in claims 6 and 7 of the present invention, using 
Figs. 3, 10, and 11. 

[0032] In Fig. 3, it is assumed that a mobile station (MS) 

is present in the cell of base station A (BS (A) ) , that it is 
only communicating with the base station A, and that it is 

10 obtaining the required communications quality. Here, let the 
pilot channel transmission power of the base station A be Apt, 
the traffic channel transmission power be ATt, the pilot channel 
reception power of the mobile station from the base station A 
be Apr, the traffic channel reception power be ATr, and the 

15 traffic channel error rate be FER. A situation is considered 
in which the mobile station is moving toward the base station 
B, and initiates a soft hand-off operation with the base station 
B. Here, let the pilot channel reception power of the mobile 
station from the base station B be Bpr. 

20 [0033] During its communication with the base station A, 

the mobile station reports its Apr, FER, and Bpr to the base 
station A. The information coded and reported by the mobile 
station is sent to the upper hierarchy station (BSC) via the 
base station A, and along with this information the base station 

25 A reports its traffic channel transmission power to the upper 
hierarchy station. After receiving the report, the upper 
hierarchy station decodes the information from the mobile 




station, and returns it to the base station A, attaching thereto 
the pilot channel transmission power Bpt of the base station 
B which it has stored in memory beforehand, while at the same 
time sending the information from the mobile station and the 
5 information from the base station A (the traffic channel 
transmission power of the base station A) to the base station 
B, attaching thereto the pilot channel transmission power Apt 
of the base station A which the upper hierarchy station has 
stored in memory. The base station A and base station B each 

10 determine their initial traffic channel transmission power in 
accordance with their calculations. The formula for 
calculating ATt shown in Fig. 3 (the same formula is also shown 
in Figs. 10 and 11) shows how the traffic channel transmission 
power from each base station is determined so that the traffic 

15 channel transmission power from each base station is 
transmitted at the same ratio as that of the reception powers 
of the pilot channel received from each base station by the 
mobile station, and the combined traffic channel reception 
power from both base stations is equalized to the traffic 

20 channel reception power that the mobile station was receiving 
from the base station A only, before conducting the soft 
hand-off operation. 

[0034 ] Also considered is the situation in which the mobile 

station continues to move after initiating the soft hand-off 
25 operation, and the propagation characteristics between the 
mobile station and each base station changes. The mobile 
station reports the reception power of the pilot channel it has 




received and the traffic channel error rate to the base station 
A and base station B, the same information being passed to the 
upper hierarchy station via both base stations. With the 
exception of this point, however, the flow described below is 
5 completely identical to the time at which the soft hand-off 
operation is initiated. Consequently, even as the mobile 
station moves between base stations, it constantly receives the 
traffic channel from base station A and base station B at the 
same reception power ratio as that of the reception power of 

10 the pilot channel of each base station, and their combined 
reception power is maintained at a constant level. 
[0035] Additionally, although above the combined traffic 

channel reception power of the mobile station is kept to a 
constant level, after each base station has determined its 

15 transmission power in accordance with said calculation it is 
also possible to adjust the traffic channel transmission power 
of the base station A and base station B upwards or downwards 
by the same ratio, in order to make the traffic channel error 
rate reported by the mobile station meet the required level. 

20 [0036] 

[Effects of the Invention] 

According to the above description of the present 
invention, when a mobile station initiates a soft hand-off 
operation, or during the initiation thereof, it is possible to 

25 minimize interference generated due to the downstream traffic 
channel sent to the above-mentioned mobile station, and to 
maximize the received signal diversity gain of the downstream 




traffic channel from each of the above-mentioned base stations 
by the above-mentioned mobile station. This is because the 
transmission power of the downstream traffic channel from each 
of the above-mentioned base stations is controlled by measuring 
5 the reception power of the pilot channel from each base station 
by the mobile station, and calculating the propagation 
characteristics of the above-mentioned mobile station and each 
of the above-mentioned base stations so that all the reception 
powers of the downstream traffic channel from each of the 
10 above-mentioned base stations are equalized in the 
above-mentioned mobile station, and the combined downstream 
traffic channel reception power of the above-mentioned mobile 
station is made constant. 

[0037] Additionally, according to the present invention, 

15 when a mobile station initiates a soft hand-off operation, or 
during the initiation thereof, it is possible to minimize 
interference generated due to the downstream traffic channel 
sent to the above-mentioned mobile station as shown in Fig. 13, 
and to distribute interference equally, in accordance with the 
20 size of the cell in which the mobile station is communicating. 
This is because the transmission power of the downstream traffic 
channel from each of the above-mentioned base stations is 
controlled so that the reception power ratio of the traffic 
channel from each of the above-mentioned base stations by the 
25 mobile station is equalized to the reception power ratio of the 
pilot channel, and the combined traffic channel reception power 
of the above-mentioned mobile station is made constant. 
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[0038] Additionally, according to the present invention, 

when a mobile station initiates a soft hand-off operation, or 
during the initiation thereof, it is possible to minimize 
interference generated due to the downstream traffic channel 
5 sent to the above-mentioned mobile station, and prevent the 
excessive generation of downstream interference to cells with 
large propagation loss, by having base stations with low 
propagation loss transmit with a high downstream traffic 
channel transmission power, and base stations with high 

10 propagation loss transmit with low downstream traffic channel 
transmission power, in accordance with the propagation loss 
between the above-mentioned mobile station and the 
above-mentioned base stations. This is because the 
transmission power of the downstream traffic channel from each 

15 of the above-mentioned base stations is controlled by measuring 
the reception power of the pilot channel from each base station 
by the mobile station, and calculating the propagation 
characteristics of the above-mentioned mobile station and each 
of the above-mentioned base stations, so that the transmission 

20 power ratio of the downstream traffic channel from each of the 
above-mentioned base stations is equalized to the reception 
power ratio of the pilot channel by the above-mentioned mobile 
station, and the combined traffic channel transmission power 
of the above-mentioned mobile station is made constant (see Fig. 

25 13) . 

[0039] Also according to the present invention, when a 

mobile station moves to the vicinity of a cell boundary, the 




drop-off of reception power of the downstream traffic channel 
from the base station can be prevented, and a worsening of the 
error rate can be avoided, regardless of whether a soft hand-off 
operation is conducted. If the transmission power of the 
5 downstream traffic channel is not controlled as proposed by the 
present invention, as shown in Fig. 12, the downstream traffic 
channel reception signal level of the mobile station worsens 
near the boundaries of a cell, and for example, when the Eb/NO 
level breaks 5 dB near the cell boundary in the case of Fig. 

10 12, the downstream traffic channel error rate exceeds 0.7%. 
This is because the transmission power of the traffic channel 
from the base stations is controlled, so that: the combined 
traffic channel reception power of the above-mentioned mobile 
station is always made constant; and the traffic channel error 

15 rate is satisfied with a required level. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] The figure shows an embodiment of the method for 
controlling transmission powers of base stations as set forth 
in claims 2 and 3 of the present invention. 
20 [Fig. 2] The figure shows an embodiment of the method for 
controlling transmission powers of base stations as set forth 
in claims 4 and 5 of the present invention. 

[Fig. 3] The figure shows an embodiment of the method for 
controlling transmission powers of base stations as set forth 
25 in claims 6 and 7 of the present invention. 

[Fig. 4] The figure shows an example of the basic block of the 
transmitter used by the base stations of the embodiments of the 




present invention shown in Figs. 1, 2, and 3. 
[Fig. 5] The figure shows an example of the basic block of the 
transceiver used by the base stations of the embodiments of the 
present invention shown in Figs. 1, 2, and 3, 
5 [Fig. 6] The figure shows the flow of implementation during the 
soft hand-off operation initiation of the method for 
controlling transmission powers of base stations as set forth 
in claims 2 and 3 of the present invention. 

[Fig. 7] The figure shows the flow of implementation during the 
10 soft hand-off operation of the method for controlling 
transmission powers of base stations as set forth in claims 2 
and 3 of the present invention. 

[Fig. 8] The figure shows the flow of implementation during the 
soft hand-off operation initiation of the method for 
15 controlling transmission powers of base stations as set forth 
in claims 4 and 5 of the present invention. 

[Fig. 9] The figure shows the flow of implementation during the 
soft hand-off operation of the method for controlling 
transmission powers of base stations according to claims 4 and 

20 5 of the present invention. 

[Fig. 10] The figure shows the flow of implementation during 
the soft hand-off operation initiation of the method for 
controlling transmission powers of base stations as set forth 
in claims 6 and 7 of the present invention. 

25 [Fig. 11] This figure shows the flow of implementation during 
the soft hand-off operation of the methods for controlling the 
transmission power of base stations according to claims 6 and 

23 




7 of the present invention. 

[Fig. 12] The graph shows the results of the calculation of the 
changes in reception power (Eb/NO) of the downstream traffic 
channel depending on the distance between the base station and 
5 mobile station, assuming that the mobile station is only 
communicating with a single base station, in the case where the 
method for controlling transmission powers of base stations of 
the present invention is not utilized. This calculation makes 
the following assumptions: 
10 * Cell construction: two focused base stations, surrounded by 

8 interfering stations 

* Distance between base stations: 6 km 

* Attenuation coefficient: a = 3.5 

* Delay characteristics: isoelectric power two wave model 

15 * Proportion of total transmission power taken by a single 
traffic channel: 2.5% 

[Fig. 13] The graph shows the results of the calculation of 
changes in the proportion of the total transmission power of 
a single traffic channel of a base station in accordance with 
20 the distance between the mobile station and base station, in 
the case where the method for controlling transmission powers 
of base stations of the present invention is utilized. This 
calculation makes the following assumptions: 

* Soft hand-off operation initiation range: when the distance 
25 from base station A is between 2.4 and 3.6 km. 

* Eb/NO value: maintain Eb/NO of point 2.4 km distant, before 
initiation of soft hand-off operation (5.25 dB) . 
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[Explanation of Reference Numerals] 

1 Base station A first communicating with the mobile station. 

2 Base station B, to which the mobile station attempts to 
initiate a soft hand-off operation, moving from base station 
A. 

3 Mobile station. It is assumed that the mobile station is 
moving from the base station A cell to the base station B cell. 
At first, the mobile station only communicates with the base 
station A, then as it gradually nears the base station B, it 
begins communication with the base station B, and enters a soft 
hand-off operation condition. 

4 Upper hierarchy station. Monitors and controls the base 
station A and base station B, and the mobile station through 
both thereof, while at the same time mediates the flow of 
information between both base stations. 

5 Information generator of the base station transmission block 

6 Amplitude information generator of the base station 
transmission block 

7 Mixer of the base station transmission block 

8 Mixer of the base station transmission block 

9 PN code generator of the base station transmission block 

10 Local frequency oscillator of the base station transmission 
block 

11 Amplifier of the base station transmission block 

12 Base station antenna 

13 Mobile station antenna 

14 Filter of the mobile station transceiver block 
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15 Distributor of the mobile station transceiver block 
15 Mixer of the mobile station transceiver block 

17 Mixer of the mobile station transceiver block 

18 Received signal amplifier of the mobile station transceiver 
5 block 

19 Filter of the mobile station transceiver block 

20 Demodulator of the mobile station transceiver block 

21 Local frequency oscillator of the mobile station transceiver 
block 

10 22 PN code generator for received signal demodulation of the 
mobile station transceiver block 

23 PN code generator of the mobile station transceiver block 

24 Mixer of the mobile station transceiver block 

25 Mixer of the mobile station transceiver block 
15 26 Filter of the mobile station transceiver block 

27 Envelope detector of the mobile station transceiver block 

28 Filter of the mobile station transceiver block 

29 Transmission amplifier of the mobile station transceiver 
block 

20 30 Mixer of the mobile station transceiver block 

31 Mixer of the mobile station transceiver block 

32 Amplitude information generator of the mobile station 
transceiver block 

33 Information generator of the mobile station transceiver 
25 block 

34 PN code generator of the mobile station transceiver block 
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[translations left-to-right, top-to-bottom] 
Figure 1 

Apt: pilot transmission power of station A 

5 

*Only during soft hand-off operation 
Bpt: pilot transmission power of station B 
10 *Only during soft hand-off operation 
Figure 2 

Apt: pilot transmission power of station A 
15 *Only during soft hand-off operation 

Bpt: pilot transmission power of station B 

ATt: traffic channel transmission power of BS (A) 

20 

*Only during soft hand-off operation 

BTt: traffic channel transmission power of BS (B) 

25 Figure 3 

Apt: pilot transmission power of station A 
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*Only during soft hand-off operation 

Bpt: pilot transmission power of station B 

5 *Only during soft hand-off operation 

Figure 12 
Downstream Eb/NO 

10 With soft hand-off operation 

Without soft hand-off operation 

Distance from base station A (km) 

15 Cell boundary 

Figure 13 

1 traffic channel transmission power' s proportion of total 

20 Method of claim 1 
Method of claim 2 
Method of claim 3 

Distance from base station A (km) 
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